A proposed stave design for the D0 Run IIb silicon tracker outer layers featuring central cooling channels and hybrid substrates mounted directly to the silicon sensor surfaces is evaluated for heat transfer characteristics and thermal deflections. In order to control leakage current noise in the silicon it is necessary to maintain the silicon in Layer 2 (R~100mm) at or below +5C. The current cooling system using 30% ethylene glycol in water can deliver coolant to the inlet of the silicon tracker at a temperature of -8C to -10C. This paper also investigates some alternative coolant options for Run IIB.
determined unless two boundary conditions are specified.
The heat generated in the chip sets the first condition. The chip size used in the model is 11.6 mm long by 6.4 mm wide, each chip dissipating 0.5W. The heat generation is not homogeneously distributed:
25% of the power is dissipated along 2 mm wide strips at each end of the 11.6 mm dimension, while the remaining 50% is dissipated in the central region.
The second condition is set through the convection at the inner wall of the cooling pipe. The second part of this paper contains a study of some of the feasible coolants, which will let us predict the achievable average bulk temperature in the pipe along with the film coefficient. For simplicity, the problem can be split into two parts, with the finite element analysis providing the thermal gradient along the stave and the theoretical analysis of the coolant fixing the temperature drop from the tube wall to the bulk fluid. In the finite element model the bulk temperature of the coolant has been fixed at -5 °C and a convection film coefficient h c =2000 W/m 2 K is used.
To reduce the calculations required, observing the longitudinal symmetry, only one quarter of the stave has been considered. This is reflected in the pictures shown ( Figure 3 through Figure 8 ). 
Finite Element Analysis Results
Six different configurations have been studied. Aluminium tubing, although providing the best performance from a thermal standpoint, is subject to galvanic corrosion when in contact with carbon fiber as well as to the risk of erosion due to the ions in the coolant. These problems, together with a non 4 optimal radiation length, make it necessary to investigate alternative materials. PEEK (Polyetheretherketone), even though it has a very low thermal conductivity, has none of the problems affecting aluminium, it is radiation hard and its low modulus of elasticity can be an advantage when the tube is coupled to the silicon sensors. Configurations 1 and 2 compare aluminium with PEEK tubing.
An attempt to improve the poorer PEEK thermal performance is studied in configuration 3; even though a TPG (Thermal Pyrolytic Graphite) hybrid substrate is not viable because of the intrinsic manufacturing limitations, use of a higher thermal conductivity material in the hybrid substrate can effectively reduce the temperature in the detector. 
Coolant Performance Analysis
In order to evaluate and compare the performance offered by some of the most promising coolants nowadays widely adopted in cooling systems, the flow in a 1.2 m long pipe has been investigated. The pipe has a rectangular section and the outer dimensions are 6 mm by 2 mm; the wall thickness is 100µm. Given a power of 100 W to dissipate and given a flow bulk temperature at the entrance T b1 = 263 K, two different conditions at the pipe exit have been set:
1. bulk temperature T b2 = 265 K;
2. pressure drop in the conduit ∆P = 6 psi
The cooling efficiency has been evaluated comparing the flow speed U reached in the pipe, the mass rate M required for the heat transfer, the average wall temperature T wall , the film coefficient h c and the following dimensionless numbers:
where ρ is the density, U the velocity, D H the hydraulic diameter and µ the fluid viscosity. Re relates the viscous and inertial forces and determines the transition from laminar to turbulent flow.
For flow in long ducts, where the entrance effects are not important, the laminar region ends around Re = 2320; from 2320 to 10000 a transition from laminar to turbulent flow takes place, where the viscous effects become more and more important (transitional regime); after that the turbulent flow is completely developed.
• Nusselt number
where k is the thermal conductivity; Nu, relating the film coefficient to the thermal conductivity of the fluid, gives an indication of which heat transfer phenomenon -convection versus conductionis prevailing in the fluid and provides a direct way to calculate h c .
• Prandtl number k c p µ α ν = = Pr where ν is the kinematic viscosity, α the thermal diffusivity and c p the specific heat. Since ν can be seen as the molecular diffusivity of momentum, Pr relates the temperature distribution to the 12 velocity distribution. So the temperature gradient at the wall will be steeper in a fluid having a large Prandtl number at a specified Re. Consequently also the Nu will be larger and the convection will be more efficient.
The aforementioned quantities can be interpreted as follows:
• U ⇒ excessively high values of the flow speed translate into high pressure drops and a higher probability of cavitation where the duct geometrical properties vary abruptly; vibrations in the pipe can also build up. On the other side however, low values of U do not provide efficient convective heat transfer and lead to problems with removal of air bubbles at start-up.
The Reynolds number is the key parameter for determining the right balance between these two conflicting requirements.
• M ⇒ chiller size is proportional to mass flow.
• T wall ⇒ lower values lead to lower working temperature for the chips and the silicon sensors
• h c ⇒ higher values indicate more efficient convection 1 .
• Re ⇒ since the convective mechanism relies on molecular mixing, and this is higher in turbulent flows than in the laminar regime (where the conduction is the predominant mechanism for the heat transfer to take place), relatively high values of Re are to be preferred. 
Results
In Figure 9 through Figure 12 data are presented. It appears that the fluorinert C 6 F 14 exhibits the best performance. This, together with the good radiation hardness shown by this fluid (ref.1), makes it a good candidate for a cooling system. 
The program for the coolant performance
The fluid analyses were performed using MathCAD. For brevity only the program list related to the C 6 F 14 is reported. Analogous printouts are available for the other fluids studied.
The following analysis applies to a pipe with a rectangular section. Both the laminar and the turbulent flow are predicted.
• Given Tb2
Tb 1 263 K . 1687.8 
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